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Among all types of cancer, incidence of lung cancer remains the highest with regard to cancer- 
related mortality. Problems contributing to recurrence of the disease include metastasis and drug 
resistance. Mounting evidence has demonstrated involvement of epithelial mesenchymal tran- 
sition (EMT) in cancer progression. EMT is a critical mechanism ensuring tissue remodeling during 
morphogenesis of multicellular organisms. Therefore, understanding of the biology of this process 
for identification of potential EMT-targeted therapeutic strategies for the benefit cancer patients 
is necessary. This review describes recent evidence of EMT involvement in drug resistance and 
metastasis of cancers, with an emphasis on lung cancer. 
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Introduction 

In 2008, lung cancer was reported as the most commonly diagnosed 
cancer as well as the leading cause of cancer death worldwide in males; 
among females, it was the fourth most commonly diagnosed cancer and 
the second leading cause of cancer death [1]. When treated with the most 
active combination of conventional chemotherapeutic agents, the median 
period of survival for patients with metastatic non-small cell lung cancer 
(NSCLC) is eight to 10 months [2]. Failure of treatment is attributed to 
metastasis and recurrence [3]. 

Some patients exhibit intrinsic resistance to chemotherapy, while other 
patients, although initially sensitive to chemotherapy, eventually develop 
acquired resistance, even after combination therapy. Indeed, metastasis 
and therapeutic resistance have been reported as the major causes of failure 
of cancer treatment [3] . To circumvent this situation, a new class of drugs 
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that specifically target certain molecular pathways leading to cancer 
phenotypes is under development [4]. Small molecules that specifically 
inhibit the tyrosine kinase (tyrosine kinase inhibitors [TKI]) activity of 
epidermal growth factor receptor (EGFR), such as gefitinib and erlotinib, 
were the first drugs to become clinically available for treatment of patients 
with NSCLC [4] . However, despite the efficacy of these drugs in patients 
with activating mutations, development of acquired resistance in these 
targeted therapies seems inevitable [5]. Results of multiple prospective 
trials have shown a response rate of 70% to 75% to TKIs for patients with 
tumors harboring EGFR mutations [6]. However, this finding indicates 
that another 25% to 30% of patients have intrinsic resistance to EGFR- 
TKIs, even though their tumors harbor activating mutations in EGFR. In 
addition, almost without exception, even patients who show a dramatic 
response to initial treatment also develop acquired resistance to EGFR- 
TKI after varying periods of time [7]. Failure of treatment may lead to 
metastasis of lung cancer. Among organ targets, brain metastasis is a 
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frequent complication of lung cancer and is associated with significant 
morbidity and mortality [8]. 

Association of resistance to gefitinib and erlotinib in NSCLC cell lines 
with epithelial mesenchymal transition (EMT) has been reported [9]. 
Recently acquired evidence now indicates that EMT of tumor cells not 
only causes drug resistance, but also increases metastasis [10]. Therefore, 
in order to pursue possible EMT-inhibiting therapy, understanding of the 
biology of EMT in cancer is necessary. Findings from Pubmed analysis 
of EMT and cancer have demonstrated an exponential increase in the 
number of papers and reviews published under these terms in the last few 
years [11]. This review describes recent evidence of EMT involvement 
in drug resistance and metastasis of cancers, with an emphasis on lung 
cancer. 



EMT in Developmental State and 
Cancer Progression 

An epithelium is a collection of cells fomiing a relatively thin sheet or 
layer due to mutual and extensive lateral adherence of constituent cells 
by cell-to-cell junctions [12]. The layer is polarized, with the two sides 
showing non-identical properties, so that the sides can be defined as, say, 
inside or outside, or, more precisely, apical and basal [12]. 

Conversely, mesenchymal cells generally do not exhibit either regi- 
mented structure or tight intracellular adhesion [13]. Mesenchymal cells 
form structures that are irregular in shape, without uniformity in compo- 
sition or density. Adhesions between mesenchymal cells are not as strong 
as those of their epithelial counterparts, which allows for increased 
migratory capacity [13]. 

The term EMT refers to a complex molecular and cellular program by 
which epithelial cells shed their differentiated characteristics, including 
cell-cell adhesion, planar and apical-basal polarity, and lack of motility, 
and instead acquire mesenchymal features, including motility, invasiveness, 
and a heightened resistance to apoptosis [14]. The EMT program plays 
an important role during morphogenesis of multicellular organisms. For 
example, during gastrulation, epithelial cells located in the primitive streak 
undergo EMT followed by ingression and migration to a new 
location where they form endodermal and mesodermal embryonic tissues 
[15]. 

However, induction of EMT can compromise the mechanical and 
physiological integrity of the tissue, and the consequences of inappropriate 
induction of this process can be disastrous. This can occur in cases of 
chronic inflammation, which can stimulate fibrosis, a condition in which 
excess EMT compromises tissue integrity and organ function, or when 
EMT is acquired by tumor cells [ 1 6] . 



Classification of EMT 

Classification of EMTs into three different biological subtypes based 
on the biological context in which they occur has been proposed. Kalluri 
and Weinberg [ 1 7] proposed the term 'type 1 ' EMT. These EMTs, which 
are associated with implantation, embryo formation, and organ develop- 
ment, are organized for generation of diverse cell types that share common 
mesenchymal phenotypes. This class of EMTs does not cause fibrosis, 
nor does it induce an invasive phenotype resulting in systemic spread via 
the circulation. The type 2 EMT is associated with wound healing, tissue 
regeneration, and organ fibrosis [ 1 7] . In type 2 EMTs, the program begins 
as part of a repair-associated event that nomially results in generation of 
fibroblasts and other related cells for reconstruction of tissues following 
trauma and inflammatory injury. However, in contrast to type 1 EMTs, 
type 2 EMTs are associated with inflammation, and cease once 
inflammation is attenuated, as observed during wound healing and tissue 
regeneration. Type 3 EMTs occur in neoplastic cells that have previously 
undergone genetic and epigenetic changes, specifically in genes that favor 
clonal outgrowth and development of localized tumors [17]. 

E-cadherin is a cell-cell adhesion molecule that participates in 
homotypic, calcium-dependent interactions for fomiation of epithelial 
adherent junctions and sequestration of (3-catenin [18]. Several transcription 
factors have been implicated in transcriptional repression of E-cadherin. 
EMT inducers can be classified according to: 1) their effects on the 
E-cadherin promoter, and 2) source of the stimuli. Based on their effects 
on the E-cadherin promoter, there are two types of EMT inducer. The first 
type, such as Snail, ZEB, E47, and KLF8 factors, represses the activity of 
the E-cadherin promoter [19], and the second type, such as Twist, Goosecoid, 
E2.2, and FoxC2, is involved in indirect repression of E-cadherin 
transcription [19]. 

Regardless of the mechanism, E-cadherin repressors function as full 
EMT inducers in many cellular contexts, regulating expression of a variety 
of genes involved in repression of the epithelial character and promotion 
of the mesenchymal state [19]. Meanwhile, based on the source of stimuli, 
EMT inducers can be classified into two groups: external stimuli (that is 
microenvironment) and internal stimuli. 

1. External stimuli and transcriptional factors 

The tumor microenvironment, which is composed of extracellular 
matrix, cells, and soluble factors, plays an important role in EMT induction 
and further in metastasis [20]. Several stromal cell subtypes, including 
macrophages, contribute to tumor progression through induction of EMT 
at the invasive front, a mechanism also linked to metastasis [21]. 

Tissue-culture studies have been instrumental in defining molecular 
regulation of EMT. Findings from these studies have demonstrated that 
signalling pathways for induction of EMT have many common endpoints, 
including down-regulation of E-cadherin expression and expression of 
EMT-associated genes; in addition, triggering of EMT by several extra- 
cellular activators, and existence of extensive crosstalk between signalling 
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pathways involved in activation and repression of EMT have also been 
reported [22]. 

Several tyrosine kinase receptors, including mesenchymal-epithelial 
transition (MET), fibroblast growth factor, insulin growth factor, epithelial 
growth factor family members, and, more recently, platelet derived growth 
factor, also play critical roles in regulation of EMT-like morphogenetic 
events that occur during development [23]. 

The three members of the Snail family, known as Snail (Snaill), Slug 
(Snail2), and Smuc (SnaiB), encode zinc- finger type transcription factors 
[18]. The carboxyl-temiinal domain, containing four to six C2H2-type 
zinc fingers, is the most conserved feature of the Snail family of proteins 
[18]. Evidence has indicated a fundamental role of Snail in EMT through 
its suppression of E-cadherin [24]. Up-regulation and nuclear accumulation 
of Snail have shown correlation with the EMT program in tumor tissues 
[25]. In addition, Kudo-Saitoetal. [26] reported on acceleration of cancer 
metastasis by Snail-induced EMT through enhanced invasion. 

The transcriptional repressor zinc-finger E-box binding homeobox 1 
(ZEB 1 ) is a crucial inducer of EMT in various human tumours, and was 
recently shown to promote invasion and metastasis of tumour cells [27]. 
ZEB1 promotes EMT through repression of genes such as E-cadherin, 
which is involved in maintenance of the epithelial phenotype and activation 
of those required for transformation to the mesenchymal phenotype [28]. 
Repression of multiple key determinants of epithelial differentiation and 
cell-cell adhesion, including the cell polarity genes Crumbs3, HUGL2, 
and Pals 1 -associated tight junction protein, by ZEB1 has also been 
demonstrated [29]. Results of reporter assays showed an association of 
ZEB 1 with endogenous promoters in vivo, as well as strong repression of 
promoter activities [29]. Early evidence from studies conducted using 
mouse models, as well as a wide range of primary human carcinomas, 
demonstrated induction of an EMT by ZEB proteins, linking their 
expression with increased aggressiveness and metastasis [30]. 

The increase in expression of Bmi- 1 was accompanied by down- 
regulation of E-cadherin expression and up-regulation of vimentin 
expression in lung squamous cell carcinoma tissues [31]. Over-expression 
of Bmi- 1 has been reported to increase the motility and invasive properties 
of immortalized human mammary epithelial cells (HMLEs), which is 
concurrent with increased expression of mesenchymal markers, decreased 
expression of epithelial markers, stabilization of Snail, and dysregulation 
oftheAkt/GSK3b pathway [32]. Silencing of endogenous Bmi- 1 expression 
has been shown to result in reversal of EMT and reduction of motility 
[33]. Some data have suggested that Bmi- 1 expression may be regulated 
byTwistl [34]. 

2. Internal stimuli 

The prominent idea is that, although some factors, such as transfomiing 
growth factor-p (TGF-P), could possibly trigger EMT, accumulation of 
particular gene mutations would be required in order to unlock or maintain 
the EMT program. Indeed, gene alterations concerning extracellular 
receptors and/or consequent signal transduction are common in cancer 
[20]. Pirozzi et al. [35] reported that treatment with TGF-pi induced 



morphologic changes in NSCLC cell lines, characterized by loss of 
epithelial morphology assuming a fibroblast-like appearance. Treatment 
with TGF-p 1 has also been shown to promote a shift from epithelial to 
mesenchymal phenotype [35]. Induced autocrine expression of TGF-P 
resulted in changes in markers and phenotype that were consistent with 
EMT, a modest effect on growth rate, and a shift to a more invasive 
phenotype [36] . In addition, several other mechanisms having the capacity 
to suppress E-cadherin expression, including somatic mutations, promoter 
hypermethylation, and histone deacetylation, have also been described 
[30]. 



Role of EMT in Acquired Drug 
Resistance 

EMT may well play a role in detemiining sensitivity to EGFR-TKI. 
Thomson etal. [37] reported that human NSCLC lines containing wild-type 
EGER grown both in culture and as xenografts, display a range of sensi- 
tivities to EGFR inhibition, which is dependent on the degree to which 
they have undergone EMT. NSCLC lines expressing the epithelial cell 
junction protein E-cadherin showed greater sensitivity to EGFR 
inhibition in vitro and in xenografts. By contrast, NSCLC lines that had 
undergone EMT, expressing vimentin and/or fibronectin, were insensitive 
to the growth inhibitory effects of EGFR kinase inhibition in vitro and in 
xenografts. 

In another study by Xie et al. [38], highly up-regulated expression of 
Notch- 1 was observed in gefitinib-resistant PC9/AB2 lung cancer cells. 
Promotion of the EMT phenotype by the Notch- 1 receptor intracellular 
domain (N 1 IC), the activated form of the Notch- 1 receptor, was observed 
in PC9 cells. Silencing of Notch- 1 using siRNA resulted in reversal of the 
EMT phenotype and restored sensitivity to gefitinib in PC9/AB2 cells. In 
addition, involvement of Notch- 1 reduction in inhibition of anoikis, as 
well as colony-formation activity of PC9/AB2 cells, was also observed. 
Taken together, these results provide strong molecular evidence that 
gefitinib-acquired resistance in lung cancer cells undergoing EMT occurs 
through activation of Notch- 1 signaling. 

Using cancer specimens, Uramoto et al. [39] investigated the association 
between EMT status and acquired resistance. Immunohistochemical 
staining was perfomied for analysis of protein expression of epithelial and 
mesenchymal markers in tumour samples from patients with lung 
adenocarcinoma. All patients showed positive expression of epithelial 
markers in sensitive tumours. Findings from the study suggest that 
epithelial markers tended toward a slight decrease in resistance, compared 
with sensitive tumours. By contrast, mesenchymal markers tended toward 
a slight increase; however, the differences were not statistically significant 
[39]. 

However, according to findings from another study, continuous exposure 
of A549, a lung adenocarcinoma cell line, to gefitinib also resulted in 
induction of EMT [40]. Rho et al. [40] reported on use of a gefitinib- 
resistant subline (A549/GR) derived from the parental A549 cell line 
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through chronic and repeated exposure to gefitinib. Phenotypic changes, 
including a spindle-cell shape and increased pseudopodia formation, 
suggesting EMT, were observed in A549/GR cells. These changes were 
accompanied by a decrease of E-cadherin and an increase of vimentin, a 
mesenchymal marker. In addition, A549/GR cells showed ~7.7-fold 
greater resistance to gefitinib and demonstrated cross-resistance against 
other EGFR-TKI, including CL-387,758, erlotinib, and ZD6478. 



EMT-Mediated Lung Cancer 
Metastasis 

Metastasis occurs when genetically unstable cancer cells adapt to a 
tissue microenvironment that is distant from the primary tumor [41]. 
Origins of invasive and metastatic phenotypes of carcinoma cells have 
been the subject of intensive investigation. Tumor metastasis involves a 
sequential series of processes that promote and regulate the escape of 
migratory cancer cells for generation of metastatic lesions at distant sites 
[42]. Mounting evidence has suggested an association of metastasis of 
primary epithelial tumor cells, the primary cause of death in cancer 
patients, with loss of E-cadherin-mediated cell-cell contacts and gain of a 
mesenchymal phenotype, potentially facilitating cellular motility and 
invasion [43]. 

Molecular technologies, including DNA, antibody, and proteomic 
arrays, and short-hairpin RNA libraries, have been used for identification 
of multiple molecules that contribute to the metastatic process, including 
growth factors, cytokines and chemokines, pro-angiogenic factors, 
extracellular matrix-remodeling molecules, and, most recently, transcription 
factors that may regulate cellular changes during tumor invasion-metas- 
tasis [44]. One view proposes that metastatic traits are acquired through 
exposure of epithelial cancer cells to paracrine signals received from 
mesenchymal cell types within the tumour-associated stroma [45]. 
Metastatic colonization involves lodgment or adherence of cancer cells 
in the micro vasculature and subsequent migration of those cells across 
the endothelium into a secondary organ site [46]. 



EMT Leads to Cancer Stem Cells 

Cancer stem cells have the capacity for division and expansion of the 
cancer stem cell pool and for differentiation into the heterogeneous 
non-tumorigenic cancer cell types that, in most cases, appear to constitute 
the bulk of cancer cells within the tumor [47]. 

A four-week period of exposure of immortalized human bronchial 
epithelial cells to tobacco carcinogens has been shown to induce a 
persistent, irreversible, and mulfrfaceted dedifferentiation program marked 
by EMT and the emergence of stem cell-like properties [48]. 

Induction of EMT in immortalized HMLEs has been reported to result 



in acquisition of mesenchymal traits, as well as expression of stem-cell 
markers [49]. In addition, these cells have an increased ability to form 
mammospheres, a property associated with mammary epithelial stem cells 
[49,50] . Cancer cells in EMT, that is, EMT cells, share many properties with 
the classical so-called 'cancer stem cells (CSCs).' In fact, there 
are many indications that CSC-tumor propagating cells present 
characteristics of EMT cells, and, conversely, that EMT cells acquire 
properties of the so-called 'CSCs' (for example, markers CD44+/CD24+/- , 
dormancy, etc.) and that these are reversible [51]. 

Ding et al. [52] investigated the question of whether CSC markers are 
associated with EMT. For CapanlM9, a highly migratory cell subclone 
established from human pancreatic cancer cell line Capan- 1 , expression, 
migration, and invasion of CD 133 were greater than that for the parent 
cells. Up-regulation of EMT-related transcription factors Slug and Snail, 
as well as a substantial increase in N-cadherin and fibronectin, were 
observed in Capan 1 M9 cells. By contrast, occludin and desmoplakin were 
suppressed. Knockdown of endogenous CD133 in CapanlM9 cells led 
to suppression of Slug and reduction of migration and invasion. Taken 
together, CD 1 3 3 has an important role in migration and invasion through 
facilitation of EMT in pancreatic cancer cells. 

On the basis of their studies, Brabletz et al. [53] postulated that EMT 
and stem-cell properties are combined in invasive cancer cells-which 
often co-express EMT and stem-cell markers-and proposed the concept 
of the 'migrating cancer stem cell.' This concept links two features: 
1 ) classical EMT-associated features that support tumor cell motility and 
dissemination, and allow for survival of cells under the stressful con- 
ditions of a new environment; and 2) the associated stem-cell properties, 
including prevention of senescence, allowing for unlimited reconstitu- 
tion of the tumor at a distant site, leading ultimately to metastasis [53]. 



Clinical Prognostic of EMT and 
Current EMT-Targeted Therapy 

Soltermann et al. [54] investigated the prognostic significance of the 
EMT indicator proteins periostin and vimentin in comparison with versican, 
a putative indicator of the opposite mechanism, MET, and the desmoplasia 
proteins collagen and elastin in NSCLC. Tumors of 533 patients with 
surgically resected NSCLC were used for analysis of stromal and epithelial 
protein expression by kiuriunoMstochernistry. High expression of versican 
in either stroma or epithelia as well as of stromal collagen showed fewer 
but concordant associations with advanced tumor and periostin, 
respectively. High expression of elastin showed an opposite association with 
less advanced disease. 

Loss of epithelial proteins and/or acquisition of mesenchymal proteins 
are associated with poorly differentiated histology, advanced stage, and 
poor outcome [55]. However, findings from the study also revealed that 
EMT status in the primary tumor is not predictive of postoperative recur- 
rence or disease-free survival in patients with lung cancer [56]. 

EMT has been established as a mechanism that confers tumor cells 
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with abilities essential for drug resistance, metastasis, and acquired-tumor 
stem cell traits. Therefore, inhibition of EMT can be a critical therapeutic 
strategy for prevention of tumor progression. Forced expression of miR- 
200 resulted in abrogation of the capacity of lung cancer cell lines to 
undergo EMT, invade, and metastasize, and conferred transcriptional 
features of metastasis-incompetent tumor cells [57]. Restoration of E-cad- 
herin-mediated cell adhesion is another means by which prevention of 
EMT in cancer might be possible [58]. Inhibition of EMT by NPI-0052, 
a protesome inhibitor, via inhibition of nuclear factor-icB and Snail has 
also been demonstrated [59], whereas over-expression of FOXA2 
resulted in reduced invasion and suppression of TGF-pT -induced EMT 
[60]. Meanwhile, activation of peroxisome proliferator-activated 
receptor-g was reported to inhibit TGF-|3-induced EMT in lung cancer 
cells and prevent metastasis by antagonizing Smad3 function [61]. 



Conclusion 

Research on the role of EMT in cancer progression, in terms of drug 
resistance and metastasis, is currently in a very active phase, with several 
significant publications every year. At this pace, it seems likely that we 
will soon have a better understanding of how to inhibit this cmcial process 
in order to prevent cancer progression. 

Given the role of EMT in promoting chemoresistance, invasion, and 
stem cell-like properties, specific targeting of EMT could potentially serve 
to decrease metastasis and overcome drug resistance; however, significant 
additional work is needed in order to translate these findings into mean- 
ingful therapies. 
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